INTRODUCTION
Extracellular products (ECPs) are important virulence factors of ®sh pathogenic micro-organisms as they allow the bacteria to survive and grow within the host tissues (Ellis 1991) . Several studies have demonstrated that ECPs of Vibrio alginolyticus, Listonella anguillarum and Photobacterium damsela subsp. piscicida are cytotoxic for ®sh cellular lines (Magarin Äos et al. 1992; Balebona et al. 1998a, b) . Thus, the evaluation of the cytotoxic effects of the ECPs on ®sh cells may be a powerful tool to measure the lytic activities of these substances. The cytotoxicity of the ECPs is routinely determined by microscopic observation of the cytotoxic effects on ®sh cell lines (Magarin Äos et al. 1992; Balebona et al. 1995; Biosca and Amaro 1996; Gunnlangsdo Âttir and Gudmundsdo Âttir 1997) . However, the quantitative evaluation of this cytotoxicity could be very useful when carrying out comparative studies with different ®sh pathogens. Tetrazolium salts are used in cell proliferation and cytotoxicity assays, and their action is based on the transformation of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] and colorimetric quanti®cation of a formazan. These and other conventional tests, such as the trypan blue exclusion (Sakai et al. 1998 ) and neutral-red assays (Fent and Hunn 1996; Ferraris et al. 1998) , have been used with mammalian (Berridge et al. 1996; Dacosta et al. 1999 ) and ®sh cells (Siwicki et al. 1999; Choi and Oris 2000) to measure cell viability. The aim of this study was to adapt the MTT assay to evaluate the cytotoxicity of the ECPs of several pathogenic micro-organisms for gilt-head sea bream (Sparus aurata L.).
MATERIALS AND METHODS

Micro-organisms
Strains LVE and AO35 of V. alginolyticus, DC7R2 of L. anguillarum and DI21 of P. damselae subsp. piscicida were included in this study. Strains DI21, DC7R2 and AO35 have been reported to be pathogenic for gilt-head sea bream with lethal doses 50 (LD 50 pathogenic for this ®sh (Zorrilla 2000) , with an LD 50 higher than 10 8 cfu g )1 (Table 1) . Bacterial ECPs were obtained following the technique described by Balebona et al. (1995) . The total protein contents of the ECPs were measured following the method described by Bradford (1976) .
Cytotoxicity assay
The cell line SAF-1, derived from gilt-head sea bream (Bejar et al. 1997) , was used as a host pathogen system to assay the cytotoxicity of the ECPs of the ®sh pathogens studied. The cells were cultured following the methodology described by Bejar et al. (1997) .
MTT assay. For the adaptation of the MTT assay, 96-well microtitre plates were inoculated with 100 ll per well of different cell dilutions ranging from 10 4 to 10 5 cells ml )1 . Control wells contained 100 ll Leibovitz's tissue culture medium (Gibco), and four replicates of each dilution and control tests were performed. The plates were incubated at 25°C for 10±12 h. Then, the medium was replaced with fresh medium, the non-adhered cells removed and the plates incubated at 25°C. In order to determine the optimal incubation time of cells with MTT, at different time intervals, a volume of 10 ll of stock MTT solution was added to each microplate well, and the plates incubated for periods between 30 and 300 min. After incubation, acid-isopropanol (100 ll 0á04N HCl in isopropanol) was added to the wells and mixed thoroughly. The results were recorded using a HT-III reader (BioWitthaker Inc., Spain) at 550 nm. Analysis of variance was performed to compare the results from the different experimental conditions. Wells of microtitre plates were inoculated with 2´10 3 , 5´10 3 and 10 4 cells to optimize the number of cells to be used in the assay and the incubation time required to reach an optimal monolayer. The plates were incubated at 25°C for 1±6 days.
The method used for the quantitative MTT assay was as follows. Serial dilutions (20 ll) of ECPs (from 1/20 to 1/2048) were added to wells containing 5000 cells/well, with four replicates per dilution of ECPs. Control wells consisted of (i) cells and 20 ll PBS, and (ii) L-15 medium and 20 ll PBS. After incubation for 5 days at 25°C, absorbance of the plates was read at 550 nm. The results obtained were statistically analysed (Statview 4á0 ã Abacus Concepts Inc. for Macintosh) to determine the correlation between the concentration of ECPs and the percentage of cell inactivation. The optical density of the control wells was assumed to be 100% of cell survival.
Trypan blue exclusion assay. A total of 5000 cells were placed into the wells and incubated for 5 days with the bacterial ECPs. The counts of viable cells with this assay were then obtained by trypsinization of the cell monolayer and staining with trypan blue. The number of viable cells was determined by conventional haemocytometer counting. The percentage of cell mortality was determined by considering all viable cells as being those cells in the wells without addition of ECPs. The results obtained for the trypan blue exclusion assay were also statistically analysed. longer incubation times (4±5 h) (Fig. 1a) . With the exception of the 30 min incubation time, the correlation between cell numbers and MTT values was statistically signi®cant (P < 0á001) for all the incubation times assayed, with regression coef®cients ranging from 0á921 to 0á991. However, only after 5 h of incubation were all the absorbance values obtained with the different numbers of cells positive, whereas with shorter times of incubation, the values were negative with cell densities lower than 2000 per well (Fig. 1a) . Experiments were carried out to optimize the number of cells to be used in the assay and the incubation time required to reach an optimal monolayer. The absorbance values and the incubation time are shown in Fig. 1b . The values of absorbance decreased from the beginning of the incubation time when 1´10 4 cells ml )1 were used. These ®ndings could be due to the presence of processes of competence for nutrients or oxygen that make the cells enter a resting state. However, when lower numbers of cells were used, better results were obtained, depending on the incubation time. Thus, with 2000 cells per well, an increase in absorbance values was observed after incubation for 72 h, although the formation of a con¯uent cell monolayer was not observed and absorbance decreased with longer incubation times. With 5000 cells per well, an increase in MTT reduction was obtained during the ®rst 5 days of incubation, and it was possible to observe the formation of an optimal cell monolayer. Therefore, according to these results, the optimal conditions for carrying out the cytotoxicity test were 5000 ®sh cells per well, incubation at 25°C for 4±5 days, and incubation with MTT for 5 h.
RESULTS AND DISCUSSION
The results obtained from the MTT assay showed statistical signi®cance (P < 0á001) of the correlation between the ECP concentrations and the percentage of cell mortality for all the experiments assayed ( Table 1) . The standard deviation of the replicates was less than 10%. The equations obtained for each pathogenic microorganism allowed determination of the cytotoxicity index 50 (CI 50 ), i.e. the concentration of ECPs (expressed as lg protein ml )1
) which results in mortality of 50% of the cell population. Results obtained for the cytotoxicity of the ECPs of different bacterial strains evaluated by the MTT assay are shown in Table 1 . Using this index, it is possible to compare the cytotoxicity of the ECPs of different bacterial strains. It can be seen that the CI 50 values obtained for the three pathogenic strains are within a very similar range. The CI 50 and LD 50 of bacterial cells and ECPs obtained for the non-pathogenic strain LVE of V. alginolyticus indicate that there is no relationship between cytotoxicity and higher or lower virulence estimated as LD 50 . Thus, the CI 50 for this strain was very low (2á2 lg protein g
)1 ®sh), whereas the LD 50 of bacterial cells and ECPs was very high. On the contrary, the CI 50 of the other strains studied was higher but the LD 50 was lower than the LVE strain. The CI 50 and LD 50 were similar to the strains AO35 of V. alginolyticus and DC7R2 of L. anguillarum, especially in the case of the LD 50 of the ECPs. The LD 50 for the ECPs of P. damselae subsp. piscicida was not determined in gilt-head sea bream . Results are expressed as the mean and standard deviation of four replicates but was determined in turbot as 2á7 lg protein g
)1 ®sh (Magarin Äos et al. 1992) . These results are in agreement with those reported by Balebona et al. (1998a) , who could not demonstrate a relationship between cytotoxicity and virulence in their study with L. anguillarum and V. alginolyticus, although the ECPs of these strains showed neurotoxic properties.
The MTT and trypan blue exclusion assays were compared with regard to their sensitivity for detecting damage of ®sh cultured cells caused by the ECPs of strain AO35 of V. alginolyticus. The results obtained are summarized in Fig. 2 . It can be seen that the viable cell counts adjusted to a logarithmic function, showing little change for protein concentrations higher than 20 lg ml )1 . On the contrary, a more direct correlation was obtained by applying the MTT assay, especially when the concentrations of proteins in the ECPs were higher than 20 lg ml )1 and the number of viable cells was low. Dacosta et al. (1999) carried out an analysis to assess damage of human cultured epithelial cells induced by sodium¯uoride or puromycin, and reported that viability measured by the MTT assay was the most sensitive assay when compared with the trypan blue exclusion and release of lactate dehydrogenase assays. These authors also concluded that the MTT assay offered major advantages in terms of speed, simplicity and precise quanti®cation compared with other viability assays. Freimoser et al. (1999) and Volety et al. (1999) also demonstrated that a colorimetric method based on tetrazolium salt reduction is more accurate and time saving than conventional haemocytometer counting or differential staining of dead or viable microbial cells. However, the favourable statistical correlation reported for the trypan blue data (r 0á97) shows a close relationship between cell viability and ECP dilutions. Differences detected with both types of assay could be attributed to the fact that each is based on the determination of different characteristics of the cell. Thus, the MTT assay determines the inhibition of mitochondrial succinate dehydrogenase activity and the trypan blue exclusion assay detects cell membrane damage due to the loss of membrane polarity.
In summary, the MTT assay described here allows objective quantitative comparison of the cytotoxicity of the ECPs from several pathogenic strains of gilt-head sea bream. This methodology may also be useful for characterizing the cytotoxicity of speci®c components of the ECPs from ®sh pathogens. 
